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ABSTBACT 

The purpose of this report is tc identify the school 
setting variables and the teacher ccmpetencies which contribute to 
achievement in the basic skills in mathematics. The search for 
indicators of competence was accomplished by literature review, 
expert cpinion, research data, and identified student outcomes. The 
objective was to identify these observable classroom behaviors whose 
presence or absence is likely to affect student performance. Two 
types of competency indicators are identified: (1) cognitive-based; 
and (2) perf c rmance-based. Specific instructional competencies are 
identified and stated in each of the basic skills areas. Five general 
behaviors were used tc group these specific competencies. They, are: 
(1) diagnosis and prescription; (2) organization and management; (3) 
instruction; (4) growth patterns; and (5) evaluation. (MP) 
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FOREWORD 

It is difficult to stay on top of current research - whatever your 
field of endeavoi* may be. The field of education is no exception, and 
research on reading, language arts, and mathematics in particular is 
overwhelming. In this Bulletin, the authors have not only searched 
out and selected relevant research, but they have organized and inter- 
preted it for the administrator, supervisor, and teacher interacting 
with students every day. 

Drs. Bill Powell and Elroy Bolduc are to be congratulated for 
their fine work. It is readable, and more important, provides much 
food for thought. On behalf of FERDC I congratulate them for a job 
well done. 

Bill Breivogel, Guest Editor 
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PREFACE 



Concern for the improvement of basic skills in the State of 
Florida resulted in the formation of the UF-DOE Basic Skills Project. 
Financial support for the work was given by the Board of Regents of 
the State University System through Service Through Application of 
Research (STAR) program. The State Department of Education pro- 
vided human resources through committees of consultants. Mrs» Ada 
P. Puryear, Administrator, Early Childhood and Elementary Educa- 
tion, served as the DOE monitor during the progress of the study. 

Evelyn Wenzel's contribution is the section which identifies the 
teacher competencies in the areas of language arts: listening, 
speaking, writing, spelling, and handwriting. Elroy J. Bolduc 
presents the basic teacher competencies for the teaching of mathe- 
matics. William R. Powell served as the project director and wrote 
the portion on reading and the part of the report on indicators of school 
setting variables. Consultative contributions were made by many of 
our colleagues on campus. Susan Lubet served as a graduate assistant 
during part of the study. 

Jerri Anne Phipps served as project secretary and typed and re- 
typed the many drafts while the project was in progress and prepared 
the final report. The interest and effort of all these individuals were 
definitely appreciated. 



William R. Powell 
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OVERVIEW 



INDICATORS OF TEACHER EFFECTIVENESS 
IN THE BASIC SKILLS 



This report has two purposes; (1) to identify the school setting 
variables (e. g. , facilities, materials^ equipment^ class size, time 
schedules, etc. ) which contribute to achievement in the basic skills; 
and (2) to identify the teacher competencies which contribute to 
achievement in the basic skills. 

The search for indicators of competence was accomplished by 
literature review, expert opinion, research data, and identified 
student outcomes. The objective was to identify those observable 
classroom behaviors whose presence or absence are likely to affect 
student performance. Should further evidence support the competen- 
cies herein identified, these performances of a teacher can serve as 
indicators of the effectiveness of that teacher in specific basic skill 
areas. 

In this monograph, two types of competency indicators are 
identified: (1) cognitive-based criteria; and (2) performance-based 
criteria. Cognitive-based criteria are the knowledge base^ i. e. , 
those facts which must be learned and stored in the memory for ut*e. 
Performance-based criteria are techniques and processes which must 
apply and utilize the cognitive items in the context of the classroom. 
It is conceivable that a teacher could know a set of criteria for 
instructional placement, yet not know what to do with that criteria 
in grouping children, making individual assessments, or determining 
prescription for proper placement. Performance, then, is concerned 
with the handling of the cognitive systems in the classroom. A teacher 
cannot teach what she or he does not know, but a teacher can know and 
not use the knowledge in teaching. The task is to get both systems - 
cognitive and performance - working together. The consequence of 
such a fusion of systems will be sustained growth in the basic skills. 

In each of the basic skills areas that follow, specific instructional 
competencies are identified and stated. These specific competencies 
are grouped, for convenience, by a more general competency category. 
Five general behaviors were used throughout this report: (1) diagnosis 
and prescription; (2) organization and management; (3) instruction; 
(4) growth patterns; and (5) evaluation. Each general category embra- 
ces several specific competencies which are listed task by task by the 
source of knowledge which produces the parallel performance standard. 
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Tables 1-7 itemize these teacher competencies. These combined 
indicators, if possessed by the teacher, represent a set of specific 
competencies considered to characterize an effective teacher of the 
basic skills. 
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INDICATORS RELATED TO LEARNING IN SCHOOL SETTINGS 



SocieCy has created InsClCuClons called schools for developing 
efficient and effective contexts for learning. Children and adults 
need to know how to operate in a manner acceptable to others in 
society. People need to develop specified skills and to know 
selected information and concepts to perform appropriately in defined 
social contexts. Schools are primary contributors in that process. 

Contexts for learning should be thought of not simply as the 
physical setting - builriings, space, rooms, surroundings - nor in 
combination cf people (principals , .teachers, aides). The settings 
for learning are constituted by what the pupils are doing and where, 
when, how, why, and with whom they are doing it. In Figure 1, these 
different contextual variables and theJr inter-relationships are 
illustrated. Each variable provides indicators for pupil performance. 
The quality of interaction among variables gives strength and vitality 
to the learning opportunities. The contextual variables which are 
known to affect learning in the basic skills are the focus here. 
They are: (1) school characteristics, (2) class characteristics, 
(3) program characteristics, (A) teacher characteristics, (5) pupil 
characteristics, and (6) out-of-school conditions. The outcomes are 
the observed and measured pupil performance in the basic skills - 
reading, language arts, and mathematics. 

Several studies (see references) in the past few years have 
identified several significant variables affecting learning. The 
current emphasis on literacy and accountability has contributed to 
fostering such studies. However, the evidence to date must be viewed 
as tentative and limited. The instruments presently available for 
controlled contextiial observation as yet are not strong enough for wide 
and extensive generalizing of the results. There is enough concurrence 
among studies for some indicators to begin to emerge. It is those 
items that are presented and discussed in this section of this report, 
although caution must be maintained in their interpretation. 



School Characteristics 

Pupil acheivement is higher when the classroom teacher perceives 
that they have administrative support from the principal and the central 
office staff, particularly the principal. Support for and leadership 
in providing opportunities for staff development and provide work-space 
for academic subjects are positive forces of this leadership. 

Other soclo-contextual variables affecting the school district are 
the percent of voting registrants in that district and the average 



Income per family unit in the district where cho school resides. Both 
of these items have overtones of, literacy attainment, interest in 
societal affairs, and soc io->ecoromlc well being. Table 1 lists these 
Indicators which facilitate higher achievement at the school level. 



TABLE 1. School Indicators 



Characteristics 



Perceived administrative leadership 
and support 

Staff development and In-service 
activity 

Percent of space used for academics 

Percent of voting registrants In 
schuol district 

Average income of school district 



The factor of size (community, school district, or school popu- 
lar Lon) Is neither a positive nor a negative force on basic skill 
a^nievement. The type of physical facilities (old, remodeled, new) 
.<pr;arently also has a neutral effect on pupil outcome as does the type 
of organizational patterns within the school. Size, facilities, and 
organizational strategies. In and of themselves, are not prime contrib- 
utors to measured pupil performance. 

However, the density of district population (urbanness), the number 
of special programs In the school » and the percent of black membership 
In both the school and community are Indicators of schools with lowered 
pupil achievement. Socio-economic factors and society's attempt to 
off-set those factors. I.e., special programs are created and ifunded for 
the handicapped* compensatory, etc. are reflected In these findings. 



Class Characteristics 

Higher pupil achievement at the class level within a school is 
associated with the quality of the classroom atmosphere, i.e., a sense 
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of order and purpoae. poBlcive relaclonahipe , and pleasure In learning. 
The level of classroom concrol mainCained by the Ceacher Is a concrlb- 
uclng factor. Surprisingly, perhaps to some, higher achievement in 
several studies, is asaoclaced wlch less grouping wichin the class 
llmics. However, this laccer indicator may be a proxy variable for 
direct inscruction time. The greater the teacher's time ia spread 
across several groups, the less time Is available by the ceacher wlCh 
any particular group. However, less grouping does not mean no grouping. 
Whac may be suggested in Che daCa is chaC in the schools aCudied Chere 
may have been too many groups used in recent atCempCs co individualize 
inscru(?cion. Grouping is direccly related co classroom control tacCors 
and direct inacruccional time from che Ceacher. 

The presence of minority groups present in che classroom is a posi- 
tive influence on outcomes. In school systems where there are numerous 
schools of varying size, the evidence would suggest that black youngsters 
achieve better in the smaller schools with smaller classes. Table Z 
provides the factors positively related to better achievement at the 
classroom level. 



TABLE ^. Class Indicators 



Characteristics 



Classroom atmosphere 

Level of classroom control 

Grouping not overeoctended within 
the class 

Minority groups present 

Black youngsters in smaller school 
environments 



The sixe of a given class shows ambiguous results in achievement. 
However, a class size ot thirty-three or less pupils has indicated a 
positive trend towards higher achievement patterns. Classroom enrol- 
lment in the studies reviewed may have been fairly uniform in size and. 
if 30. then class size would not have shown positive relationships. 




Achievement grouping shows an unclear pattern of relationships 
to pupil achievement. This finding Is consistent with other studies 
through the years. Ability grouping or power grouping, per se, Is 
not clearly and consistently associated with higher pupil performance. 
One factor, however, has shown a negative relationship to achievement 
that of pupil transfer rate. Evidently, some stability In a class 
setting has Its contributing qualities. 



Program Characteristics 

A proyjram with an emphasis on the basic skills brings the corres- 
ponding result of higher achievement In those areas. It should, 
however, be a balanced total program not limited solely to basic skill 
subjects. Programs with clear objectives with emphasis on cognitive 
development that are designed with concern for scope and sequence are 
clearly associated with higher pupil performance. 



TABLE 3. Program Indicators 



Characteristics 



Balanced curriculum program 

Basic skill emphasis 

Cognitive development emphasized 

Stated objectives of desired behavior 

A scope and sequence In the basic 
skill areas 

Adequate material and equipment 
support 

Total reading activity 

More silent reading than oral 

A system of Instruction 

Teacher training In the system 



The neceesary material? and equipment for program operation are 
neceasary. There Is some hint In the literature that too much material 
can be a detractor as well as too little resources. Overstimulation can 
be a dlstraccor In learning. 

In reading Instruction, the data suggest that the total reading 
activities, not just phonics and other learning to read components. Is 
a significant factor In reading achievement. Also, the amount of 
silent reading time Is positively related to higher performance. 
Conversely, oral reading activities. If extensive. Is not a facili- 
tating force in obtaining higher achievement In reading. 

What Is Important in basic skill achievement Is that some system of 
Instruction Is clearly specified and followed. Further, teachers need 
to have training In that system - not generally, but specifically. The 
Implication of such a finding Is obvious: while colleges educate 
teachers for aiyr system of Instruction, each employing school system 
must additionally train the teacher In the specifics for their parti- 
cular program. 

The Impact of pre-school education programs on basic skills 
achievement Is not yet apparent. This Is probably due to the fact that 
such programs are relatively new and time for their contribution has 
not to date made Its Impact. Nevertheless the trend line Is positive 
In this regard. 



Teacher Characteristics 

The most recent finding about Indicators of teacher competencies Is 
that effective teaching practices will differ by subject matter and grade 
level taught. These findings mean that teachers use different techniques, 
as well as content. In different subjects like reading and mathematics. 
Not only do the techniques and content vary, but so does the grade level. 
Second grade teachers will have different Instructional strategies than 
fifth or sixth grade teachers. The implication for the preparation of 
teachers Is clear that the objectives for training primary and inter- 
mediate grade teachers may need to be different. 

Interaction patterns between the teacher and pupils follow a similar 
pattern as subject and grade level. The presentation pattern, the type 
and frequency of teacher questions, the teacher's reaction to pupil 
responses, the nature of feedback to pupils, and the degree of teacher 
circulation are positive influence on pupil performance. The pattern 
of these techniques will vary when the grade level and subject matter 
varies . 
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Teacher characteristics such as teacher enthusiasm, realistically 
high expectations, teacher effort, and teacher morale are Indicators 
of high achievement. Basically, a teacher who has a desire to ceach 
and does, gets results. Other external teacher factors are experience 
and certification. Certification Is likely to reflect the number of 
years of training, but the evidence would suggest that where that 
training Is obtained makes a difference. Teachers from rated college 
programs produce better results. The salary level of the school staff, 
principals and teachers, have long been a positive Indicator of teacher 
performance. 



TABLE ^. Teacher Indicators 



^ubject matter taught 

Grade level taught 

Interactive strategies 
(discussing , questions , 
feedback, etc.) 

Teacher enthusiasm 

High expectations 

Teacher effort 

Teacher morale 

Experience 

Certification 

Rate college training 

Salaries of teachers 
and principles 



Factors such as the percent of married teachers, the percent of 
black teachers and the uae of teacher aides are apparently negligible. 
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However, If the teacher aide qualified as certified personnel 
that indicator is significantly related to pupil achievement. 



then 



Pupil Characteristics 

.,fi "^"-^^ is a highly significant indicator iden- 

tified in the recent literature. Instructional time and student 
achievement are positively related. The amount of time allocated to 
a skill area appears to be a contributor to the amount learned. A 
distinction, however needs to be made between allocated time and time 
on task (engaged time). It is time on task that is the critical 
zaccor • 

Engaged time has a quality of student attention. The student 
must be involved „lth active attention in the task at hand. The task 
at hand may be interacting either with the teacher or the learning 
materials. The teacher directs the process. Whether a student is in 

! seatwork is not the basic criterion. What is important 
is whether the teaching practice directs, guides, and engages the puplK 

The evaluation of pupil progress is an indicator of pupil perfor- 
mance. Teachers, to provide direct instruction, need diagnostic 
evaluation data, process evaluation information, and product evaluation 
fh^soonr.' th'e bS;. '° '^^^ '^^'''^^ '''-^ evaluations - 



TABLE 5. Pupil Indicators 



Characteristics 

Direct instructional time 
Time on skill area 
Time on task 

Evaluation of pupil progress with 
feedback 

Attendance 

Female 
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Females do better In the basic skill subjects than males. This' 
is an expected pattern. Attendance Is a positive Influence on 
achievement, although It may be a reflection of allocated learning 
time. In essence, what the research on pupil characteristics shows 
is that direct engaged learning time with reinforcement signals is 
significantly related to pupil achievement. In general, more tiine 
yields more learning. 



Out"0f" School Conditions 

The parent's educational level Is the best single indicator of a 
covert socio-economic variable which Influences pupil performance. 
Other factors which show a positive relationship Co achievement are 
the parent's Income, occupation, and aspiration level for their chll ^n. 
The home situation, such as, the number living at the home, when the 
adults are home, the language used in the home, etc., have also 
facilitating Influences on a pupil's achievement. 



TABLE ^- OtiC-of-School Indicators 



Characterise Ics 

Parent's educational level of 
attainment 

Parent's occupation 

Parent's Income 

Parent aspiration level for child 

Home situation (language, number in 

home space, when adults are home, etc.) 



From Che preceding discussion, iC is clear that several interact ti^ 
socio-contextual variables are significantly related to pupil perfor- 
mance in Che basic skills. No one set of character isClca alone are 
great enough Co predict pupil achievement. It takes a combination ot 
forces. What a child brings to school and what Che schcjl brings to 
the child are all part of the compleCe conCexC for learning. 



11 



REFERENCES ON i:«DICATORS 



1. Anderson.. L. M, and^J^. Brophy. "An Experimental Investigation 

of First Rti^dlrlS^roup Instruction." Paper read at the American 
Educatlcnrii Research Association, San Francisco, 1976. 

2. Anderson. L. M. . J. E. Brophy, and C. M. Evertson. "An Experi- 

mental Investigation of Teacher Feedback Behaviors in First 
Grade Reading Groups/* Paper read at the American Educational 
Research Association, New York, 1977. 

3. Blair, T. R. "Relationship of Teacher Effort and Student Achieve- 

ment in Reading," Unpublished doctoral dissertation. 
University of Illinois, 1975. 

A. Brophy, J. E. and C. M. Evertson. "Context Effects on Classroom 
Process Variables," Paper read at the American Educational 
Research Association, Washington, D. C. , 1976. 

. Brohpy, J. E. and C. M. Evertson. The Student Attribute Studv: 
Preliminary Report. Ab breviated Verstcn . Rppnr^ 7A-.i ^ 

Austin, Texas: The Research and Development Center for 
Teacher Education, University of Texas, 1976. 

. California State Department of Education. A Plan for Improving 
Mathematics Instruction in California Elementary Schools. 
Final Report, Sacramento: California State Department of 
Education, 1976. 

• California State Department of Education. "California School 

Effectiveness Study: The First Year: 1974-75," Sacramento: 
California State Department of Education, 1977. 

Cooley, W. W. and G. Leinhardt. "The Application of a Model for 

Investigating Classroom Processes," No. 1975/24, The Learning 
Research and Development Center, University of Pittsburgh, 1975. 

Department of Education, State of Florida. Indicators of 

Effectiveness and Eff iciency. Part III . TanAh;,««^o. Depart- 
ment of Education, March 1977. 

Evertson, C. M. "Relationship of Teacher Praise and Criticism to 
Student Outcomes," Paper read at the American Educational 
Research Association, Washington, D. C. , 1975. 



^8 



12, 



13. 



14. 



15. 



16, 



17, 



18. 



19. 



20. 



Fllby, N. N. , R. S. Marliave, and C- W. Ficher. "Allocated ani 
Engaged Time in Different Content Areas of Second and Fifth 
Grade Reading and Mathematics Curriculum," Paper read at the 
American Educational Research Association, New York, 1977. 

Fisher, C. W. , N. N. Filby, and R. S. Marliave. "Instructional 
Time and Student Achievement in Seco.id Grade Reading and 
Mathematics," Paper read at the American Educational Research 
Association, 

Gastright, J. "Some Empirical Evidence on the Comparability 

of School Unit Residuals Based on Achievement and Non-Achieve- 
ment Variables," Paper read at the American Educational 
Research Association, New York, 1977. 

Guthrie, J. T. , et. al. A Study of the Locus and Nature of 

Reading Problems in the Elementary School , Newark, Delaware: 
International Reading Association, 1976. 

McDonald, F. J. "Beginning Teacher Evaluation Study, Phase II, 
1973-74, Executive Summary Report," Educational Testing 
Service, 1976. 

McDonald, F. J. "Designing Research for Policy Making," Paper 
read at the American Educational Research Assoc;iation, 
Washington, D. C. , 1976. 

Ogden, J. E. , J. E. Brophy, and C. M. Evertson, "An Experimental 
Investigation of Organization and Management Techniques in 
First Grade Reading Groups," Paper read at the American 
Educational Research Association, New York, 1977. 

Postman. N. and C. Weingartner. How to Recognize a Good School , 
Fastback Series No. 30. Bloomington, Indiana: Phi Delta 
Kappa Educational Foundation, 1973. 

Research, Evaluation, and Assessment Services of the Michigan 
Department of Education. Report of the 1974-75 Michigan 
Cost-Effectiveness Study , Washington, D. C. : Education 
Resources Division, Capitol Publications, Inc., 1976. 

Rosenshine, B. V. "PriJi:ary Grades Instruction and Student 

Achievement Gain," Paper read at the American Educational 
Research Association, New York, 1977. 

"Schools Do Make a Difference," Today's Education , pp. 24-31, 
November-December , 1975. 



13 




Shavelson, R. and N. Dempsey. "Generallzablllcy of Measures of 
Teacher Effectiveness and Teaching Process," Technical 
Report No. 75-4-2, Far Wesc Laboratory for Educational 
Research and Development, San Francisco, 1975. 

State Department of Education. Which School Factors Relate to 
Learning? Albany, New Yorkl Bureau of School Programs 
Evaluation, The State Department of Education, April, 1976. 

G. Inner-City Children Can Be Taught To Read: Four 
Successful Schools , Washington, D. C: Council for Basic 
Educat ion, 1971. 



14 




MATHEMATICS: TEACHER COMPETENCIES 



The development of a set of teacher competencies to enable a 
teacher to teach basic skills cannot be based directly on research 
studies. (There have been few mathematics studies investigating any 
specified lists of teacher competencies and their relationship with 
the acquisition of basic skills in mathematics by students.) The list 
of teacher competencies developed in this paper is based on the basic 
skills list developed in an earlier phase of this project "Specifying 
Basic Skills" and draws heavily on several reports of national groups 
such as the National Council of Teachers of Mathematics and reports of 
conferences on basic skills such as the "Conference of Basic Mathematical 
Skills and learning" sponsored by the U. S. Department of Health, 
Education, and Welfare. 

There is disagreement within the mathematics community about any 
list of basic skills, a list of teacher competencies also generates 
the same disagreement. The list of competencies in this paper, and 
the skills presented in "Specifying Basic Skills" do follow the 
position prevalent within the mathematics community in that it views 
basic mathematical skills as including much more than computation. 
As stated in the Report of the Conference on Basic Mathematical Skills 
and Learning, there is a popular notion that mathematics is arithmetic, 
and that the most basic mathematical skill, perhaps the only one, is 
fluency with vnltten computational algorithms (22). The competencies 
listed here include areas other than computation ability, the various 
areas are interrelated and inay overlap with each other. The teacher 
skills listed are basic to an ability to help students to reason 
effectively in varied situations. 

A list of several major reports on basic skills and teacher 
competencies, follows. These reports have had a major influence on 
the mathematics community in the United States and were strongly in 
the preparation of this report. 

Bell, Max S. "What Doea Everyman Really Need from School 
Mathematics?" The Mathematics Teacher , 67:196-202, 
1974. 

Edwards, E. L. , Eugene D. Nichols, and Glyn H. Sharpe. 

'^Mathematical Competencies and Skills Essential for 
Fnlightened Citizens", The Mathematics Teacher , 
65:671-677, 1972. 

National Council of Teachers of Mathematics. Guidelines 

for the Preparation of Teachers of Mathematics , Reston, 
Virginia National Council of Teachers of Mathematics, 
1973. 




Naclonal Council of Supervisors of Hathematlcs. Position 
Paper on Basic Mat hematical Skills . Washington, D. C. 
National Council of Supervisors of Mathematics, * 
January, 1977. 

National Institute of Education, Conference on Basic Mathe- 
matical S kills and Learnlnj^T Volume 1, Contributed 
Position Paper . Waahlngton, D. C, USOE, 1975. 

National Institute of Education, Conference on Baalc 

Mathematical 5kllla and Learning : Volume II, Waahlngton, 
D. C, USOE, 1975. 



The teacher competencies are presented In two categories - Cognitive 
(the teacher knows) and Performance (the teacher can do...). The order 
In which they are listed does not presuppose any notion of an hierarchy 
and should not be Interpreted as any Indication of a priority ordering 
Aa stated by NCTM there may be teachers who are highly successful, but' 
their abilities and training may result in a combining of competencies 
ways chat prevent a one-to-one correspondence with the competencies 
listed (42). This phenomena makes It very difficult to use competencies 
for evaluation purposes. There Is always the problem and danger of 
minimum lists becoming norms. The list presented here Is a minimal one. 
It Is esstentlal chat teachers know significantly more than they are 
expected ;o teach. 



Concepts for che Teaching of Mathematics 

Growth Patterns. Any efficient teaching patterns must somehow be 
correlated with the nature of the learning process. There have been 
many different theories of learning - each having different implications 
for teaching. Though no single theory of learning has supplied a total 
explanation of human learning, there are some agreements among educational 
psychologists. One such apparent agreement is the fact that learners 
progress through various stages of growth. Teachers should be familiar 
with stages of development of cognitive processes and be able to recognize 
factors which affect their development. 

The work of Piaget and others has many implications for the teaching 
and learning of basic skills. At least one study found a relationship 
between Piaget-type clasa-incluaion tasks and ability of students to 
perform misaing-addend problems (32). Other atudies have found a 
relatlonahip between the stage developments outlined by Piaget and 
achievement on tests of mathematical ability (5,46). Perhaps the most 
important single proposition that the teacher can derive from Piaget 's 
work is that children, especially young ones, learn best from concrete 
activities (24). 
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Stages of learning also exist within topics. For efficient 
learning, an exploratory phase should proceed the phase of verbal- 
ization and concept formation, and eventually the material learned 
should be merged In, and contribute to the Integral mental attitude 
of the learner (51). A conmion misinterpretation of Plaget's four, 
stages of cognitive growth Is that concrete materials are not needed 
by adolescent pupils (2). At all levels. Including adolescence, the 
pupil will be far more capable of 'Molng" and "understanding" In an 
acClon mode than expressing hlmsielf In a verbal mode (47). With this 
misinterpretation, teachers are often tempted to present material In 
a formal mode far too early. 

Diagnosis and Prescription . Competencies needed by teachers for 
diagnosing learning difficulties In mathematics were suggested as long 
ago as 1935 by Brui.chner, these Include: 



1. Teachers must have a clear conception of the 
function & objectives of mathematics. 

2. Teachers be able to use effective means to 
determine thought processes that would 
ordinarily be left unanalyzed. 



Early work In diagnosis (1920' s) was mostly studies of frequency 
of errors In computation. Diagnosis has recently made great advances 
and has even become a sub-specialty within the field of mathematics 
education. The best sources of data of learning problems are probably 
careful observations by the teacher and analysis of written work. 
Roberts (55) has developed procedures for determining problems In 
computation and Ashlock (7) has developed an extensive list of comnon 
computational error patterns and some ways of correcting them. 

For many teachers, their kncvledge of mathematics and diagnostic 
skills are too deficient to recognize the patterning of errors that reveal 
the nat'ire of student misunderstanding (30). Children's errors are not all 
or low 'Wchematlcal aptitude." Errors regularly have a systematic 
basis - some are the result of a correct procedure Incorrectly applied. 
Children's mistakes seem Co derive from strategies of one kind of 
another (27). Too often lack of versatility in mathematics causes 
teachers to miss opportunities to provide just the right experience 
that might pierce the barrier to a student's comprehension. 

Skills . The subset of competencies under the heading "ski.lla" is 
the largest of the various subjects. For this paper "skills" refers to 
the basic mathematical content needed by the teacher and methodological 
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techniques for presentation of these skills to students. The compe- 
tencies listed here closely follow the guidelines set forth by the 
National Council of Teachers of Mathematics (42) and the National 
Council of Supervisors of Mathematics (43). 

A current major problem related to students' acquisition of 
mathematical skills Is that of the mathematical competence of many 
elementary school teachers (10). As stated by the National Council 
of Mathematics a teacher of mathematics at any level should know and 
understand mathematics substantially beyond that which he may be 
expected to teach (42). There Is much evidence Indicating that many 
elementary school teachers are not well enough prepared to teach all 
the mathematics expected of them. One study showed that nearly 25% 
of Elementary Education majors scored below the 20th percentile on a 
standardized test and less than 5Z scored above the 90th percentile. 
Using scores for 8th and 9th grade students as a norm, 55Z of these 
prospective teachers scored below the median. (53) 

The remainder of this section will be divided Into sub-sections 
related to various content areas. 

Numeration. A thorough understanding of numeration systems 
Is essential In order to apply basic arithmetic facts to higher order 
numbers. A chllds experience with absolute quantities Is limited to 
around 100 and less. This Is only minimally acceptable as a context 
for teaching addition and subtraction and unacceptable for teaching 
multiplication and division. The place value concepts allow grouping 
to aid In expanding the student's experience with larger quantities (13) 

The use of the number line affords a concrete representation 
to show relationships between numbers. As mentioned earlier one posslbl 
reason for difficulty In students learning of mathematical skills is 
that little time Is given to making the concepts meaningful through the 
use of physical materials. There seems to be a rush to get to symbols 
and abstractions. Students taught only in a symbolic mode in primary 
grades develop Inaccurate concepts of mathematics (35). Primary 
teachers in particular should have a background in developmental theory 
with emphasis placed on the application of this theory to the classroom 

Sets. Sets have been associated with "new math" and a 
controversial topic within elementary mathematics. The use of 
set-concepts - not set-theory - to teach and explain addition, multi- 
plication, cardinality curves, etc., has pvoved a useful technique. 
One study noted that "operations on sets are more meaningful to the 
student than operations on numbers," since sets are concrete objects (61) 
rhe data from a second study suggest chat numerals are learned only 
after counting operations for sets of the size represented by the 
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numerals are well established (66). 



Computation . As content gets beyond the whole number stage 
studies show that teachers still have a tremendous amount of trouble 
with decimal and percentage type problems. At least 59Z of teachers 

In one study could not answer, "An increase from $16 to $20 is X 

Increase." (21) This study did show that the "average" 1973 teacher 
was significantly more accurate in computational skills than his 1930 
counterpart — but there was no significant change in either the top 
27X or the bottom 27Z. 

The standard algorithms for the basic operations form a 
large part of basic skills. Pupils cannot process information requiring 
combinations of large quantities until they have mastered the algorithms 
for computation (13). There are several algorithms for each operation 
and teachers should be familiar with these as each one contains some 
advantages. For example one investigation compared the conventional 
division algorithm (distributive algorithm) with the subti'active 
algorithm and found several advantages for each one: 

1. Subtract method was especially effective for 
children of low ability. 

2. Children taught subtractive method had a better 
understanding of the process of division. 

3. Children taught the conventional (distributive) 
method achieved higher problem solving scores. (64) 

Teachers also need to recognize that problem situations require 
students to view operations in several ways. Subtraction, for example 
is normally taught in a "take away" mode where problem situations may 
require a student to consider subtraction from an "additive", or 
"comparative" mode. (26, 58) Similarly division can be considered 
from either a "measurement" or a "portitlon" situation (29, 68). At 
least one study has shown that use of two algorithms was not too 
difficult for students and required no more than only one algorithm. 

Teachers must also recognize non-standard algorithms. Standard 
algorithms represent only part of a child's skills. The child also 
develops "Invented" procedures to perform calculations. (27) One 
problem in children's acquisition of basic skills is the teachers use 
of mathematical neurlstics that do not reflect the child's way of 
viewing things . 

Teachers should also be familiar with the so-called "low 
stress algorithms" for the four basic operations, these seem to have 
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T Vlt * "search results have not been released. These 

algorithms are characterized by conslse. definable, easi?; read 
supplementary notation to record every step (33). 

tion-h1n» ^^'"'"'^y the study of space, form, and rela- 

by "Lhe;s -P^"" °f 8e<»«ry which must be considered 

bers to «om.rr? K?"""'^ "^'"^ '^^^^^ "^'^ assignment of num- 
bers to geometric objects, e.g. calculation of volumes, areas lengths 

::d^?^=c"pa?.TL"I37)" — s^^UJ^rlLllZll^s 

should be IbL'Tl'nf ''r"''^ °' ""SSe"" that teachers 

ge^etrv from r^ concepts of two- and three-dimensional 

liZll LcZVir^V discuss properties of 

qSillft^I? / """^r ^^fS^^nt. angle, triangle 

quadrilateral, circle, perpendicular and parallel lines. pyr8'.ald 

met:re^^^%"•o^^n'?i^^;e^1:aT"^T°hlI• 'T' J^"-^---onal 
was suggested for teMh^^: 'ofl^''^^\T'^°-C^.l 

human n.J.^°°V'7 ' J" P>^°bably not basic to any set of minimal 

human needs... but the parts of metric geometry closely related to 

of Supe^^^JLrs'of^M f." "f"''"' ^^^^ ^"^"-l Co-cU 

shof.lH K Mathematics state "As a minimum skill, students 

Should be able to measure distance, weight, time, capacity and 
temperature. Measurement of angles and calculations of simple areas 
and volumes are also essential. Students should be able to per^o™ 
toolsTIo) """^"^ '^"-"'"'^y "y"""" using the appropriate 

Is "Inverrrd"*?^ ''^f suggested that children's psychological development 
Tooolo»l ? I relation to the-development of geometries over t^r (48) 
iTlrl rt 1«« to be developed by mathematicians 

but are the irost basic relations. The child appears to reproduce 

-h^.^in"."^'" ^"'^ " Euclidian structures (37). Teachers 

-nH n^rf^^%*'°T"7 -«"ure»ent experiences from an exploration 
school r ."* ^r'^- """^^^ states that "prospective elementary 
r^M^n- r ^"".^ experiences Involving explo- 

t":r:wi"t!::;;i:g!'"'"(55) "^"^^-^^"^ '^'^'^ ^^^^ "^-^ ^ 
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Measurement . Teachers should learn to think In the metric 
and not through conversion problems (31). Since the units In 

onrcon-l'der""? ^f" P"""" °' "° '^'^ ""^er must not 

Zt\T,l T^u'"' "'^^"«»'' experiences for measuring In metric 

but also consider whether children can understand decimal fractions (60). 
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In an introductory stage for measurement students should 
first become familiar with the properties of the objects to be 
measured ^atributed , and then learn that measurement is the assignment 
of a number of this attribute. From this viewpoint teachers should 
have knowledge of and experience with arbitrary and non-standardized 
units in order to teach measurement concepts and the need for 
measuring (41). 

Graphing . We live in a data oriented society. Graphing 
techniques are necessary in order to be able to condense numerical 
information into more manageable and/or meaningful terms (43). Even 
though numerical information is encountered regularly, few people 
have the training to organize such Information or to examine it 
critically or use it effectively (41). The teacher must be able to 
choose appropriate methods to display information and be able to 
generate meaningful problems using such data. 

Number Theory and Statistics . Statistics as a formal topic 
is probably not a necessary skill for human interaction. It is 
important that the teacher be aware of elementary notions of statis- 
tical techniques to show how mathematics is used to help to make 
predictions (election forcasts, tv ratings, etc.). They should learn 
to identify situations where immediate past experience doei> not affect 
the likelihood of future events (43). 

The interpretation of numerical information is needed for 
proper evaluation of every day matters (such as advertising claims) and 
is IntU apensabLe for the solution of policy questions (41). 

Field Axioms . The field axioms, like set theory, may have 
contributed to the disillusionment with "new math". If a formal 
introduction is made too early the study of axioms becomes a meaningless 
act. The concepts themselves, however, are used over and over in 
mathematics. Each new mathematics process Is a repeated use of basic 
principles rather than being an entirely new set of rules (15). 

Within mathematics itself, the ability to follow an argument 
Is surely basic. Teachers should know how to develop and refine this 
sense in the student (11). 

Problem Solving . "Learning to solve problems is the principle 
reason for studying mathematics" (43). Unfortunately "application" in 
school mathematics usually means "word problem" and for most of these, 
the main task of the student is the translation of technical jargon of 
mathematical prose Into simpler language and then into suitable symbolic 
form. These usually apply to few realistic situations (41). 

Exposure to well conceived concrete applications serves two 
purposes, it permits pupils to use skills already developed and motivates 
them toward new and deeper mathematical insights (57). 
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Estimation is a very Important skill in mathematics. The 
results from "National Assessment** show that this skill is not well 
developed in students. Only 54Z of 17 year old students gave an 
acceptable response on one item requiring estimation and only AOZ on 
a second item (16). 

Teachers also need to learn to establish a problem solving 
atmosphere for children. In this type of situation the role of the 
teacher changes from one of providing all the answers to using skill- 
ful questioning to draw answers from students (35). 

There are approaches teachers should know from problem 

solving: 

1. Making a generalization through pattern 
find ing. 

2. Using successive approximations (trial 
and error). 

3. Decomposing a problem into simpler 
subproblems. 

4. Simplifying a problem. 

3. Recalling a similar problem. 



It is necessary that teachers be familiar with such strategies 
and develop problems which use such strategies for their solution. On 
some occasion real problems require only simple recall of some facts and 
use of an algorithm - more often real problems the situation is more 
complicated " several processes or a strategy must be used to solve the 
nonroutine applications of mathematics (38). 

Organization and Management . Barriers to learning mathematics are 
not likely to be reduced by programs alone. Just as Important as mathe- 
matics competency are the skills of program management. Teachers need 
to develop competency working with small groups and individuals. Need- 
less boredom and frustration could be avoided with better management 
skills (30). 

Students need more instruction using physical objects and manlp- 
ulatlves. If teachers are trained using these manlpulatlves , they 
are more likely to use them in their classroom. One place where 
manlpulatlves can be used is in the mathematics laboratory. The mathe- 
matics laboratory means many different things - it is sometimes 
thought of as an ''approach to learning mathematics*' and sometimes as 
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"a piare where students can be involvetl learning machemacics . " (54) 
Research results are far from conclusive j^owever chey do indicate chaC 
laboratory approaches can be used pracC i^ajLiy and effectively and 
appear co be useful methods for a teache^ (55) . 

One important manageinenC Cask is Co balance drill and practice 
and concept development. 

Several studies investigated the ra^^^ C ime spend on develop- 
ment.,; nctivicies compared co drill and pyacLice. The evidence 
s^Risest* chat arithmetic skll-is are beCt^^ learnt^d by spending more 
Cinie on develoP^^^Cai casks (Ceacher demoj^g^racion, expignaCions , 
group-discussions, laboracory activities, gcc.) and less ^ime on 
drill and pracCice (exercises from texCbo^j^g^ kics, dictos, etc.). 
(40^ 59. 67) study on use of classt^^^jg in arithmetic discovered 

Chat 76% of his Cime used for review of homework and oral or vricten 
drill and oniV ^-^^ developmental acCivicies. Another report 
suggested, "I" cases an increased ai^ounC of exploration cime 

results in a better underscanding of the topic, better selection, and 
Chus less need for drill." (55) 



Evaluacion.' ^'^y systemaCic antempt j-o develop basic skills must 
include a teachers ability CO evaluace a^^^j reporC pupil progress. 
Evaluation is essential to measure progr^^g and Co plan prog':^am 
improvement. '^^^ competencies listed in this section include more 
Chan an abilicy ^o interpreC standardize^^ tests. Teachers must also 
have knowledge criterion reference ^e^ts (competency tesCs and 
nonn^referenced Cests. In cr iterion-ref Q^g^ced cests items are 
generated to measure specidif objectives a program and establish 
a Students level of mastery. The possib^^j^icy of directly relating 
a Cest CO a seC of objecCives gives chis type of Cest a disCincC 
advantage in i^^^^ldual student evaluaCioj^ (41). Norm-referenced 
cejita provide a score which viH compare ^ student's performance 
with nonning poP^^ation. 

Teachers ^^^^ learn to observe, int^^^iew and assess skills by 
Diantpulative casks areas which paper pencil testa do not 
measure 

adequaCely. 

ObservaCion of studenCS* feelings towards maChemati^s are another 
important parC of the evaluaCion Cask. Attitudes and interests are 
affective things having to do with feelings. AtCitudes are Chought 
CO exerC a dynamic, direcCive, influence may be related Co Che 
Ceaching ant: learning of machematics. T^^^^hers should know several 
scales used to measure atticudes and ^^^^resta even choug^ there is 
no consisCanC body of research to suppor^ the popular belief ChaC 
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there la a significant positive relationship between dudU attltadp« 
towards mathematica and pupil achievement in mathematics (62) 

sl.ni??^^'^"'^ reported evidence that the teacher's attitude is 
■Ignlficantly related to the student's attitude and achievement (49^ 
Another study concluded that the inhibition produced by Wety" 
th^t a'nxi'^t"'"^''':'.""' motivating effects. In generL l^appLrs 
that anxiety and mathematics are related - high anxiety associated 
with lower achievement (9). B»uciatea 

attit!d»rf^ ""^'^^^^ u"^^ Investigated the influence of teachers 
attitudes towards mathematics upon pupil attitudes and achievement. 

attitud! ""^'^^ "P°«ed a significant relationship between teacher 
hJ«i Tn^%?,!!^''v P"f"«"" mathematics for students with a 
OtSL\^^^^°^ "iSnificance with pupils of lower IQ 

L™?*^'.."""!?? ^8"=^^'^"' between teacher and student prefLnce 
for mathematics while Abl „o found no such relationship. (17 .H) 

rnmn^^^^l'^^'^" '^'^ ^°°P"t«s have not been included in the list of 
win have d^ff^It'^r'""- "A-function" calculator 

very n»«r ^^^^"^'^ t^^T °" '^'^ curriculum and basic skills in the 
very near future. Teachers will have to be trained in the use of 
hand calculators and in computers and these areas wiU have to be 
added to lists of basic skills and teacher competencies 
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TABU 7. HATHEHATICS! TEACHER COHFEIEIICIES 



Xnw (Cognltlvi) 



Cm Do (Ferfortaaaca) 



GROWTH PAITERHS 

1. laan lUgu of dtvtlopaent of cognitive 
prociiiii of chlldrn ii they rclice to 
ucbMitlci ind fictori vhlch iffict 
tbilr dtvilofMOt 

Euipli: Thi four ImU deicrlbad by 
Plifit 

i ' Siniorl-iotoT 

II Pri-opiritlooil 

III Coocrici Opiritlons 
Iv Forul Opiritloni 



1. - Select ipproprlite itriteglei and natedals 
for uie in chiiroon 

- Asieii "consirvatlon" levels of students 

- Prepare leisoni ualng coacrete, pictorial, and 
synbolic lateriali 

- Adapt , Initructlon . in accordance with Individual 
differences 



DUCliOSIS AM) PRISCHIPTION 

Z. Bov to dlitlngulih anong typea of uthe- 
■atlcil iRora 
aig. careleaa irrori 
coaciptual errori 

3. Hov to malyie work to detenlne types 
of errori lade 



2. - Use techniques to locate errors in thinking, 
as veil as In cooputatlon, e.g. have student 
"think aloud" 



3« - Flan appropriate learning experiences baaed on 
error analysis 



sxnxs 



4. 



Uadirstindlng of declBal nuieratlon lyiten 
to raid and vrlte large and nail nuabers, 
and CO dataralne relationships between 
nuibars 



k. ' Explain base ten syBtem by using grouping 
procedures and expanded notation 

- Create and use real world exanples for both 
large and small nunbers 

- Use models such as the number line to show 
relationships among numbers 



ERIC 
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mil. MATHEMATICS! TEACHER COHPETDICIES coat. 



Know (Coinitlvi) 



Can Do (Perforaance) 



SKIU.S coot. 



y BmIc coiiciptB of let theory at they relate 
to elciintiry luthenatlca 



(• The four baalc operatlona 
(i, X, ♦) vlth 

- whole niftbera 

- rttionil niabera 

Id fraction notation 

In diclJial notation. Including percenta 



7> Baalc concepta of geooetry 



5. - Uae aet theory concepta to teach and explain 

concepta auch aa 

- cardinality 
• equivalence 

- addition 

- Multiplication, etc. 

- Use aet theory concepta to teach and define 
geometric concepta such aa curvaa, lines, 
angles, etc. 

6. - Develop and use nodeli for teaching operations 

with numbers (e.g. nunber line) 
• Explain standard algorltjia for basic operations 

- Recognize and test new or non-standard algorlthma 

- Use appropriate altuatlons for the aeveral types 
of percent problens 

- Use various types of problem situations to 
develop nathenatlcal understanding, e*g. "Take 
away," "Additive," and "Coaparlson" subtraction 
problens 

7. - Use appropriate oiodels to teach two and three 

dimensional concepts 

- Teach Intuitive topological concepts such as 
closed curves. Interior and exterior, etc. 

- Develop Intuitive concepts of congruent and 
similar figures, area, volume, etc. 
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TABLE?. HATHIMAnCSl TEACHER COMPrTENClES cont. 



Know (Cognitive) 



Can Do (Performance) 



SKIUS cont. 



B. Bade concepts of neiaurenent and 
underatandlng of metric syitem 



9. Understand basic graphing techniques 



10. Understand basic concepts of nunber theory 
and statistics 



7. cont. 

- Develop and use formulas for area, perimeter, 
and volume of geometric figures 

• Teach use of basic tools for simple figure 
drawing and measurements 

8. - Use arbitrary units of Deasureuent to teach 

measurement concepts and the realization of a 
need for neasure 

- Show relationship between metric and American 
systems and use approximate conversions between 
systems If conversions are appropriate 

• Use school, home and community resources In 
measurement activities 

9. - Show value of various graphing techniques 

(e.g. bargraphs, circle graphs, plctographs, 
etc.) 

- Use real world data to develop realistic problems 

• Help student chools appropriate graphing 
techniques to display information 

10. - Develop concepts such as LCM, CCD, primes, etc. 

- Develop simple probability activities, e.g. as 
a problem situation involving fractions 

- Develop problem solving situations for study of 
concepts such as mean, median, and node 



33 



TAIL!?. KATHBiAIICS: TIACBB CQNPRDICUS coot. 



bov (CopltlYi) 



Cu Do (Pirfonioci) 



Sims coot. 

11. Do^ritud till TmIvi Fiild AxloM ii 
rilitid CO ilmociry iitb«itlci 



12. Cruti ud lolvi rul vorld problM 



U. - Uii propirtlu luch ai cowtitlvi ud 
uioclitivi Co uiliC lo tuchlng biilc ficci 

- Divilop dlicrlbuclvi proptrty )/f uii of phyilctl 
■odili 

- Um flild ttlou (concipci) Co dtvilop ilgorlthu 
Sbov "proof" of •iHintir; icitMinti it in 
ipproprlici livtl of lophiitlcation 

12. - Divilop problm vhich rilito to child's 
•xpirlncu 

- Divilop problM liiiOBi to tiich istlutloD of 
inmri ind "rouodlog off" aubiri 

- Tucb lyitflitlc ippcoichu to probl« lolvini 

- Uiloi lutpliii CMCh itudiflti to r«co|flli« vhit 
diti li riiivint In i problM 



ouamzATioi akd MAiuGnon 

13. Inov leopi lod iiquiaci of Topica In 
MtbMtici la iloatiry iridii 



14. UiidiriCiod Titiouli of liboratory 
icdvltlii In uthMitlci 



13. - latorduci toplci it propic livtl of lophistlcitlon 

for iblllty of itudinti 

- Uii thi concipt of i iplril curricula to aiilit 
in ditininlng propir icblivont livili In i 

topic 

14. - Uii foi ind puiili iltuitloni to divilop 

uthwticil concipti 

- Uii "sciinci ixpirlunti" in aithnitlcil iittlnga 
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TABLE?. HATHOUIICS; TEACHER COKPETEIICIES cont. 



Know (Cognitive) 



ORGANIZATION AND HANACIHEin cont. 



Ij. Knov iiviril Initructlonil ttrittglit 
for pniintlng toplci 



EVALOATION 

li, Know role of evaluation In claairoon 

a. extenilon of learning 

b. dlagnoitic aid 



U, Oniieritand and Interpret standardized and 
criterion referenced teat data ai uell as 
teacher made data 



Can Do (Ferforuince) 



U. cont. 

' Os« nethodi vhlch convey understanding of 
concepts and facts not Just rote neoorlzitlon 

- Prepare lessons and units vhlch create a 
balance between concept fotvatlcn and drill 
and practice 

IS. • Prepare and teach lessons using a vide variety 
of activities and naterials 
• Structure "saall task" instruction so student 
can focus on oore Inediately attainable goals 

- tisa inductive learning activities to teach 
students and eiphaslze inductive reasoning 



16. - Construct pr^tests and post-teats for tuples 

In elenentary curriculun 

• Use observation as veil as vrltten measures 
for evaluation 

' Observe attitudlnal neasurea as uell aa 
Bchlevenent and aptitude 

17, • DeCemlne questions which measure a skill or 

concept 

• Develop claasrooi "tests" to leuure particular 
characteristics 

- Describe acceptable responses to aasessaent taska 

- Use results of student evaluation to improve 
Instruction 
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